We analyze the recent released HST /WFC3 IR images in the GOODS-N region to study the formation and evolution of Quiescent galaxies (QGs). After examining the reliability with artificial galaxies, we obtain the morphological parameters with Sérsic profile of 299 QGs and 1,083 star-forming galaxies (SFGs) at z ∼ 0.5-3.0, finding the evolution of r e and n of massive (M * ≥ 10 10.5 M ⊙ ) QGs while weaker evolution of SFGs and less massive (M * < 10 10.5 M ⊙ ) QGs. The regression of the size evolution of massive QGs follows r e ∝ (1 + z)
INTRODUCTION
The study of the high-redshift (high-z) early-type galaxies (ETGs) provides us clues to understanding the formation and evolution of massive galaxies in the local universe. Their star-formation activity peaked during the cosmological epoch at 1 < z < 3 (e.g., Dickinson et al. 2003; Heavens et al. 2004; Papovich et al. 2006; Hopkins & Beacom 2006) and galaxy morphologies have changed dramatically (Kajisawa & Yamada 2006) . For galaxy sizes, many studies have corroborated that massive galaxies at high-z were much smaller than local galaxies with comparable mass (Daddi et al. 2005; Trujillo et al. 2006 Trujillo et al. , 2007 Cimatti et al. 2008; Akiyama et al. 2008; Franx et al. 2008; Szomoru et al. 2010 Szomoru et al. , 2012 van der Wel et al. 2011; Barro et al. 2013a) . At a fixed stellar mass, ETGs are claimed to have been significantly compact at high-z and have evolved with rapid increase of their effective radius by a factor of ∼ 4 or even larger from z ∼ 2 (Buitrago et al. 2008; Carrasco et al. 2010) and by a factor ∼ 2 from z ∼ 1 (van der Wel et al. 2008; Trujillo et al. 2011) . To reach the size of local ETGs, rapid and violent evolutions by major merger (Hopkins et al. 2009 ) or minor merger (Bezanson et al. 2009; Naab et al. 2009 ) have been demanded.
Recent very deep infrared observations of high spatial resolution with the Hubble Space T elescope (HST ) have shed light on morphological details and shapes of galaxies at high-z. Bruce et al. (2012) studied over 200 masElectronic address: mtakahiro@astr.tohoku.ac.jp sive galaxies at 1 < z < 3 in the CANDELS-UDS field and found that these galaxies had much smaller size at a given mass than that of local ETGs. On the other hand, it has also been argued that the compact galaxies have apparent smaller effective radii because of low signal to noise ratio (S/N) (e.g., Ryan et al. 2012) . The lack of the consideration for AGN component would also make the radius smaller (Yoshino & Ichikawa 2008; Pierce et al. 2010) . In addition, the best-fit morphological outputs with, for example, GALFIT (Peng et al. 2002) , which is one of the most frequently used fitting codes for galaxy morphology, could be significantly changed with small differences of fitting inputs (e.g., initial guess, point spread function (PSF), weight image) and the image properties (e.g., size of postage stamp, sky background noise). Although GALFIT are frequently used, it sometimes gives inappropriate results, mostly when used without careful considerations to image quality of galaxies and to the contamination by neighboring objects (Häußler et al. 2007, hereafter H07; Barden et al. 2012) .
Some previous studies (e.g., Trujillo et al. 2006; H07; Carollo et al. 2013; Mosleh et al. 2013 ) estimated the errors in effective radius, r e , and Sérsic index, n, using artificial galaxies (AGs), and derived simple relations between the original and output values. Szomoru et al. (2010) contrived to compensate the faint extended wings of galaxies. They estimated the limit of surface brightness and fitted the Sérsic profile to the galaxy images above the surface brightness limit with GALFIT. Then, they corrected the result r e by calculating the residual counts between the original and model images.
Based on a careful study of the bias of image quality and PSF profiles, van der Wel et al. (2012) presented global structural parameters of more than 100,000 galaxies in the CANDELS survey. Bruce et al. (2012) applied GALFIT to three-component fitting (bulge, disk, and central components) for high-z galaxies with a careful attention to the background noise and PSF convolution.
In addition, we should take account of the different analysis for local galaxies when comparing the morphological properties at high-z. The half-light radii of the SDSS local galaxies used in Shen et al. (2003, hereafter S03) were claimed to be underestimated (Guo et al. 2009, hereafter G09; Simard et al. 2011) . The comparison of the size-stellar mass relations between the different definitions of stellar mass would also lead to inappropriate results (Mosleh et al. 2013) . The comparison of the structural parameters for high-z galaxies with those in the local universe should be based on the consistent definition and analysis of galaxy data.
In this paper, we investigate the reliability and limit of GALFIT to obtain the morphological properties of high-z galaxies. Then, using deep near infrared (NIR) observations with Wide Field Camera 3 (WFC3) instrument installed on HST , we apply GALFIT to galaxies in the Great Observatories Origins Deep Surveys-North (GOODS-N) region, in which Ichikawa et al. (2012) (hereafter Ic12) studied the size evolution of galaxies in a non-parametric way with K s -band ground-based images of MOIRCS Deep Survey (MODS). The ground-based images were not reliable enough for the morphological study of galaxies at z > 1 with GALFIT (Konishi et al. 2011 ). As such, Ic12 obtained the size-stellar mass relations based on half-and 90 percent light radii. On the other hand, deep images by WFC3 with much higher spatial resolution will allow us to apply GALFIT to high-z galaxies, including compact galaxies, for the morphological study.
An outline of the paper is as follows. In Section 2, we describe the samples of massive galaxies in the GOODS-N. Using the background noise and PSF of WFC3 images, we make AGs with various shape parameters. We analyze them with GALFIT and compare the results with the original parameters in Section 3. We examine the reliability and the systematic errors of r e and n of the AGs obtained with GALFIT under some conditions. After examining the validity of the results, we apply the fitting method to massive galaxies in the GOODS-N. The results are described in Section 4 and Section 5. Finally we discuss our results in comparison with those of previous parametric and non-parametric studies in Section 6. Throughout this paper, we assume Ω m = 0.3, Ω Λ = 0.7 and H 0 = 70 kms −1 Mpc −1 . We use the AB magnitude system (Oke & Gunn 1983; Fukugita et al. 1996) .
2. DATA We use the NIR data taken with HST /WFC3 in the CANDELS survey (Grogin et al. 2011; Koekemoer et al. 2011) . The survey targeted approximately 120 arcmin 2 to 10-epoch depth in J 125 and H 160 in the GOODS-N region. We use the full data of the observations through the Mikulski Archive for Space Telescopes (MAST). J 125 and H 160 correspond to rest-frame V -band images at z ∼1.0-1.8 and 1.8-3.0, respectively. The images are reduced through PyRAF package (DrizzleP ac, Gonzaga et al. 2011) , where the standard calibrations (i.e. flat, sky background subtraction, distortion correction, cosmic ray rejection) are done. The images are drizzled to a pixel size of 0
′′
.06 using pixel fraction value of 0.8 to be consistent with published GOODS-S images (Koekemoer et al. 2011) . The full width at halfmaximums (FWHMs) of the PSF are ∼ 0 ′′ .15 and 0
.18 for J 125 and H 160 images, respectively, which are estimated by median stacked unsaturated stars. The PSF for H 160 image is consistent with that of the GOODS-S images, though that of J 125 is slightly larger. As the PSF profile is one of the most important parameters for the morphological analysis of galaxies, we investigate it carefully in Section 4.2.
We make use of the K s -band selected catalog of the MODS in the GOODS-N region (Kajisawa et al. 2009, hereafter K09; Kajisawa et al. 2011a, K11) , which is based on the imaging observations in J-, Hand K s -bands with MOIRCS (Ichikawa et al. 2006; Suzuki et al. 2008 ) installed on the Subaru telescope. To obtain the stellar mass (M * ) of MODS samples, K09 performed SED fitting of multi-band photometry (U BV izJHK s , 3.6µm, 4.5µm and 5.8µm) with population synthesis models. They adopted the results with GALAXEV templates (Bruzual & Charlot 2003) and Salpeter (1955) initial mass function (IMF). The stellar masses are obtained from the best fit stellar-mass to luminosity ratio in K s -band and scaled with the K sband flux. In the catalog, 2,093 of 9,937 galaxies have spectroscopic redshifts. The photometric redshifts were calculated for other galaxies from the best fit SED models. The derived photometric redshift showed excellent agreement with the spectroscopic redshift δz/(1 + z) = −0.011±0.078 (see K11 for more details). We use the spectroscopic redshifts if available, and the photometric redshifts for others. In K11, they estimated the completeness > 85% at 5 σ detection limit of the image (K AUTO ∼ 26 mag for deep region and ∼ 25 mag for wide, where K AUTO is SExtractor MAG AUTO; see Section 3.2 for details) by using Monte-Carlo simulations for the artificial galaxies buried in the MODS K s -band image. In the present study, we follow the detection limit of K AUTO ≤ 25. In Fig. 1a , we see that all galaxies with M * ≥ 10 10 M ⊙ at 0.5 ≤ z ≤ 3.0 have K AUTO ≤ 25, which promises the completeness (of > 85%) for the sample in the stellar mass and redshift ranges.
From MODS sample, we select quiescent galaxies (QGs) and star-forming galaxies (SFGs) based on rest frame U V J color (see Section 5.1 for details). Since the completeness in redshift bins for the two galaxy populations are different, we set the redshift limit: M * ≥ 10 10 M ⊙ for QGs (SFGs) at 0.5 ≤ z ≤ 1.5 (0.5 ≤ z ≤ 2.5) and ≥ 10 10.5 M ⊙ at 1.5 ≤ z ≤ 2.5 (2.5 ≤ z ≤ 3.0) (see Kajisawa et al. 2011b for more detail). The whole samples of QGs and SFGs in redshift-stellar mass diagrams with the completeness are shown in Fig. 1b , where we see that over 90% of the MODS galaxies are included in the present sample (see Section 3.3 about the selection limit).
3. MORPHOLOGICAL ANALYSIS Many studies for galaxy morphologies are based on finding the best-fit 2D surface brightness profile of Sérsic (1968) , which is written as
where n is Sérsic index, r e effective radius and I e surface brightness at r e . b(n) is defined as a function of n. To fit galaxies with Sérsic profile, we use GALFIT, considering the effect of PSF, background noise, and frame size of fitting, for the morphological parameters. GALFIT sometimes returns unpleasant or biased results when used without much care to, for example, sky subtraction, initial guess, and weight images. To examine the bias and uncertainties of the results, we prepare AGs and apply GALFIT to them. Another concern is neighboring galaxies or stars. For the galaxies with neighbors, we apply GALFIT after masking the neighboring objects, as done by many studies 1 .
Fitting with GALFIT
GALFIT is a 2D fitting code which calculates χ 2 for model galaxies and finds the model with minimum χ 2 . It is frequently used for the discussion on morphologies. Trujillo et al. (2006) used GALFIT for AGs and estimated errors in r e and n. Comparing GALFIT and GIM2D (Simard 2002) , H07 concluded that the former gave better results for faint galaxies. In addition, Ravindranath et al. (2006) and Cimatti et al. (2008) showed that GALFIT returned unbiased estimates of r e and n for galaxies with S/N > 10 and r e > 0
′′
.03 at any redshifts of the sources. Szomoru et al. (2012) used masks on outer faint part of galaxies in order to exclude the sky background noise at the extend wings.
As described above, GALFIT is widely used for morphological analyses of galaxies. In the following sections, we examine the reliability in a similar context to the methods of previous studies (e.g., H07). We use the newest version of GALFIT 3.0.5, which is improved in creating weight images. The revision makes results more reliable for faint objects (C. Peng, private communication).
The Initial Guess for Input Parameters
To perform morphological fitting with GALFIT, we should provide an appropriate set of initial morphological parameters, which leads to more reliable parameters and saves CPU cost. As done in previous studies, we use SExtractor version 2.5.0 (Bertin & Arnouts 1996) to estimate galaxy properties of position, magnitude, radius, axis ratio, and position angle of the target. Total magnitude, MAG AUTO (m AUTO ), and half-light radius, FLUX RADIUS 50 (r 50 ), which encircles half the light emitted from galaxies, are the initial guess of magnitude and effective radius, respectively. No constraints are imposed on the parameters during fitting.
One problem still remains; how can we set the initial n? To avoid the problem, we use the initial n from 0.5 to 8 by step of 0.5 and iterate GALFIT 16 times for each galaxy to derive more reliable parameter sets, as employed by Bruce et al. (2012) . After getting results, we compare (at most 16 of) "best-fit" parameter sets based on their reduced chi square, χ 2 /ν, where ν is the number of degrees of freedom for fitting, though we discard the results with unrealistic parameters (see Section 3.3 for the details). If a galaxy has different parameter sets with similar χ 2 /ν, we adopt the set which has the model magnitude nearest to m AUTO , because the selection based on m AUTO , which is independent of the parametric profile, gives more reliable parameter sets.
Fitting Test for AGs in the WFC3 Images
As we mentioned above, we should scrutinize the reliability GALFIT with AGs before applying to the real galaxies in the GOODS-N region. AGs are prepared by GALFIT with random sets of r e , n, total magnitude (m), b/a and position angle (P A) (see Table 1 ). r e is circularized as r e = a e b/a, where a e is the effective radius along the semi-major axis derived by GALFIT. The images are convolved with a Moffat-profile PSF of FWHM ∼ 0
′′
.16 and β = 2.5. GALFIT precisely returns the original parameters if images have no noise. We also make AGs using IRAF packages gallist and mkobjects with the same parameter sets and PSF. GALFIT works well again on them if there is no noise. It is noted, however, that AGs made by IRAF are different from those by GALFIT, especially in the center part when they are convolved with PSF. The difference could originate from the systematic inconsistency of the convolution method, as noted in GALFIT Q&A 2 , while templates of GALFIT convolved with PSF are in good agreement with those of GIM2D. Therefore, we use AGs made by GALFIT throughout this paper.
After making PSF-convolved AGs with poisson noise (IRAF/mknoise), we bury them in the WFC3 images at random positions. Although WFC3 images are skysubtracted through the drizzle tasks, we repeat the sky subtraction for each postage stamp to remove the local sky anomaly evaluated with IRAF/imstat. In order to estimate the sky background and to create the sigma image, GALFIT demands larger postage stamps for larger galaxies. Therefore, for each galaxy we cut a square image from the mosaic images with a side of r fit in pixel, where a is the SExtractor output A IMAGE and Kron is KRON RADIUS. r fit is large enough for applying GALFIT to the present samples (r fit ≤ 500 pixels). The contamination by the neighbors easily affects the result of GALFIT (H07), and therefore it should be removed. The neighboring objects around the target galaxies are masked out with SEGMENTATION IMAGE obtained by SExtractor. The results that GALFIT does not converge or with inconsistent magnitudes between GALFIT and SExtractor, |∆m| = |m GALFIT − m AUTO | > 1.0 are discarded. If neighboring objects are detected within 10 pixels from the target galaxy, we also discard the target from final results to avoid possible biases (Häußler et al. 2013) . We refer to the rate of galaxies for which GALFIT converges and fulfills the above criteria as success rate. It is noted that masking images sometimes cause systematic errors in the result. The errors are, however, much less significant than those due to the disturbance by neighboring objects. On top of it, masking the neighbors enables GALFIT to increase the successful rate. The results of GALFIT for PSF-convolved AGs with noise are shown in Figs. 2a and 2b. In Fig. 2a , we show the input parameters for successful and failed results. The success rate tends to be smaller for faint galaxies, mainly because of the disturbance by neighboring objects. Since GALFIT returns unbiased results for AGs with H AUTO ≤ 25 as found in Fig. 2b , we set the limit magnitude H AUTO = 25 for the analysis of real galaxies in the GOODS-N region. This limit covers over 90% for our sample at redshift bins of z ≤ 3.0 (see Fig. 1b ). If AGs are buried in a clean postage stamp without any bright neighbors, not at random place, in the GOODS-N images, GALFIT returns a higher success rate and less biased results even at fainter magnitudes.
It is noted that we use the sigma image defined by GALFIT to estimate χ 2 values, because the sigma image created by the drizzle task is questionable for the present analysis, as mentioned by Gonzaga et al. (2011) . Using the sigma images of GALFIT also keeps the consistency between the simulation of AGs and the analysis of real galaxies. As described in GALFIT manual, we use the image in a unit of [count] rather than [count/second], to properly create sigma images. The usage of images in [count/second] would give biased results (see GALFIT Q&A).
ANALYSES FOR MODS GALAXIES IN THE GOODS-N REGION 4.1. Comparisons with Different PSFs
A PSF profile is one of the most important parameters to be carefully treated for the morphological fitting by GALFIT. Since a small change of the PSF profile sometimes leads to incorrect estimates of r e and n, an appropriate PSF for each image should be used. In that -Top : Initial parameters for artificial galaxies (AGs). The AGs fitted successfully with GALFIT are depicted with blue (n ≤ 2.5) and red (n >2.5) triangles for re (left) and green filled circles for n (right) as a function of H AUTO . The failed results are shown with open symbols. Bottom : Success rate of GALFIT for AGs with n input ≤ 2.5 (left) and n input > 2.5 (right). The definition for success rate is described in the text. The vertical lines at H AUTO = 25 represent the limit for the present study. The input parameters are summarized in Table 1 .
context, we estimate how different PSFs affect the best fit morphological parameters for galaxies. In the previous studies of morphology with GALFIT, there have been two stars used; median stacked stars and Tiny Tim PSF. In order to see the effect, we prepare two PSF images. Firstly, we stack unsaturated stars in the GOODS-N image to make a PSF image (FWHM ∼ 0 ′′ .18). The sky background of the image is subtracted. Since the PSFs of stars varies in profiles on the WFC3 detector position, we choose the stars near the detector center. (The effect of the PSF change is discussed below.) Another PSF is Tiny Tim PSF (Krist 1995) , which simulates PSFs for the HST images. Since Tiny Tim PSF is not designed for the drizzled image, we drizzle it in the same manner for the science images. The self-drizzled Tiny Tim PSF was also used in van der Wel et al. (2012) , where they replaced the central pixels of the median stacked star by Tiny Tim model PSF to make a hybrid PSF. The GALFIT results with the median stacked PSF and the drizzled Tiny Tim PSF are compared in the left panel of Fig. 3a . Although the derived m values show good consistency, r e and n show non-negligible difference, especially at smaller r e and larger n, which also suggests a strong correlation between r e and n. Bruce et al. (2012) found that the Tiny Tim PSF gave galaxy sizes systematically 5-10% larger than those determined with a median stacked star. To investigate the origin of the inconsistency, we compare the profiles of those PSFs in Fig. 3b . The original Tiny Tim PSF differs from the other PSFs, even though the original Tiny Tim PSF is re-sampled into the pixel scale of the drizzled PSFs. The Drizzled Tiny Tim PSF and median stacked stars look similar at a glance. In fact, the FWHM of the drizzled Tiny Tim PSF is ∼ 0
′′
.18, which is in good agreement with those of stacked stars. However, the inner profile shows nonnegligible difference, which may causes the discrepancy in r e and n derived with those PSFs. Therefore, since both of the original and drizzled Tiny Tim PSF do not well simulate the observed PSF, we adopt the median stacked star in the following analysis. It is noted that the sub pixel offsets of real PSF stars can broaden the -Results of GALFIT for artificial galaxies (AGs) buried in the WFC3 H 160 images. The abscissa is the H-band MAG AUTO (H AUTO ) derived by SExtractor. The ordinate is the difference of the input and output parameters defined as ∆m = moutput − m input , ∆re/r e,input = (re,output − r e,input )/r e,input , ∆n/n input = (noutput − n input )/n input and
The median values for each magnitude bin are depicted with filled circles with their median absolute dispersions (MADs). The result values are summarized in Table 2. central pixels of the median PSF. On that point, the median stacked PSF is not necessarily the true PSF either.
FWHMs of unsaturated stars in our H 160 image are found to be in the range of ∼ 0 ′′ .18-0 ′′ .21, which are sightly larger than those obtained by the ground test of the instruments (Bond et al. 2007 ) and previous studies in other regions (e.g., van der Wel et al. 2012 ). This could affect the morphological measurements. To investigate whether the variance of PSFs over the WFC3 detector affects the final results, we stack stars on different positions of the detector to make two PSF images with FWHMs ∼ 0
The results with the PSFs are shown in the right panel of Fig. 3a , where we see no significant difference, which is consistent with Akiyama et al. (2008) , who studied Sérsic profiles derived with PSFs of FWHMs (∼ 0 ′′ .13-0 ′′ .21) for AO imaged high-z galaxies and found that there was little difference in r e , though they found non-negligible difference in n (∆n ∼ 1). As such, in what follow we adopt the median stacked stars with FWHM ∼ 0 ′′ .19 for the following analysis. It is noted that the variance of FWHMs of stars are independent of their position in the mosaic images. This is reasonable for the CANDELS observations because stacked images are shifted and rotated each other, averaging the instrumental aberrations.
Color Effect on Galaxy Sizes
To examine the color effect on r e , we compare the sizes of the galaxies obtained on two different images, J 125 and H 160 of WFC3. J 125 and H 160 filters correspond to the rest-frame V -band image at z ∼ 1.0-1.8 and 1.8-3.0, respectively, while the H 160 band corresponds to the rest-frame NIR wavelengths (∼ 0.8-1.2 µm) at z ∼ 0.5-1.0. We examine if there are any significant differences in the sizes obtained at the rest-frame optical and NIR wavelengths. In the same manner for AGs in Section 3, we analyze 1,646 MODS galaxies with M * ≥ 10 10 M ⊙ at 0.5 ≤ z ≤ 3.0 in J 125 and H 160 bands, independently. We provide the median stacked stars as a PSF image for each filter, following the previous section. The comparison of the results for 1,071 common galaxies successfully fitted with GALFIT in both images is shown in Fig. 4 . Although there is offset for small galaxies, we see no difference between the radii of the galaxies at z ≤ 1.8 and z > 1.8. The focus on one band could avoid extra concerns, such as PSFs and image quality. Therefore, in what follows we adopt the H 160 image for the analysis of the galaxies at z ∼ 0.5-3.0 in the GOODS-N region.
Stellar Mass Correction for the Galaxies in MODS Catalog
Before we obtain the size-stellar mass relations for the present sample, we should correct the stellar mass of each galaxy because the flux measured through nonparametric method would be different from that based on parametric GALFIT. Since the stellar masses of the MODS galaxies were derived by using non-parametric magnitude of K s -band images measured by SExtractor (K AUTO ), we correct them into those by the model magnitude of GALFIT. The correction is made with a following equation,
where H GALFIT is the model magnitude obtained with GALFIT on H 160 image. As MODS catalog does not give H-band non-parametric magnitude due to the shallower observation, we use those derived with H 160 image. The small offset due to galaxy colors is irrelevant to magnitude as seen in the upper panel of Fig. 5 . In addition, we compare H AUTO and H GALFIT in the middle panel, where we find no systematic difference between the two magnitudes (non-parametric and parametric). The comparison of M cor * and M * are shown in the bottom panel of the figure with median values for QGs and SFGs, where the difference is found to be negligible. Although the sample selection is made based on M * , the size-stellar mass relations in the following section are obtained using M cor * .
5. RESULTS After extracting MODS galaxies from the mosaic images into pixel postage stamps with sides of r fit , 1,669 massive (≥ 10 10 M ⊙ ) galaxies at 0.5 ≤ z ≤ 3.0 are analyzed. We obtain profile parameters for the galaxies in the same manner as done for AGs in Section 3. From 1,646 galaxies with M * > 10 10 M ⊙ at 0.5 ≤ z ≤ 3.0 listed in MODS catalog, 97 galaxies with neighboring galaxies or stars are discarded to avoid the systematic bias. We apply GALFIT to the remaining galaxies to obtain Sérsic parameters. The results for 39 galaxies with unrealistic morphological profiles, n < 0.1, n > 10, r e > 60 pixel (∼ 30 kpc at z ∼ 1.5), b/a < 0.1 (see Section 5.1), or inconsistent magnitudes between GALFIT and SExtractor, |∆m H | = |H GALFIT − H AUTO | > 1.0 are excluded from the resuls. In addition, we discard 128 X-ray sources detected by the Chandra Deep Field North (CDF-N) survey (Alexander et al. 2003) to avoid the possible bias due to AGN. We finally obtain reliable Sérsic parameters for 1,382 galaxies.
2
It is noted that in what follow we do not include the samples in incomplete redshift and stellar mass bins (see Section 2 and Fig. 1b) in the statistical discussion, though we show them in the figures.
Size-Stellar Mass Relations for Two Galaxy
Populations Before we derive the size-stellar mass relations, we separate the present sample into QGs and SFGs in upper panel of Fig. 6 , following the color selection criteria described by Williams et al. (2009) , which used rest-frame U − V and V − J colors as follows;
where U − V and V − J in the rest frame were obtained with the SED-model fit to galaxies. The offset, c, is 0.59 and 0.49 for 0.5 < z < 1.0 and 1.0 < z < 2.0, respectively. Additional criteria of U − V > 1.3 and V − J < 1.6 are imposed on QGs at all redshifts to exclude obscured and dusty SFGs, respectively. For z > 2.0 galaxies, Williams et al. (2009) concluded that there were no visible two sequence and applied the offset for 1.0 < z < 2.0, which would be less reliable. As such, we modified the criteria for QGs and SFGs at z ≥ 2. To see the bimodality, we use specific star-formation rate (sSF R), which is derived from UV and IR-luminosity (Kennicutt 1998 ; see also Kajisawa et al. 2010 ). In the lower panel of Fig. 6 we show the histograms of the two population as a function of sSF R, where we can see clear bimodality even at z ≥ 2.0. We adopt the criteria for QGs at z ≥ 2.0 so that the overlap of two population on sSF R become minimum; It is noted that the average values of sSF R raise as redshift increases (e.g., Daddi et al. 2007; Peng et al. 2010) , and adopting fixed sSF R for the selection of QGs is not appropriate for our purpose. It should be also noted that adopting different criteria for U V J color selection (e.g., Whitaker et al. 2011) would not change our final results.
Moreover, 24 QGs detected at 24µm by Spitzer/MIPS are included in SFGs. Our results are hardly changed even if we discard the dust-obscured SFGs. Based on the color selection, we obtain 299 QGs and 1,083 SFGs. The redshift bins are defined as in Ic12 to facilitate the comparison. We also exclude 24 galaxies with b/a < 0.1, because real galaxies have b/a > 0.1 (e.g., Binney & de Vauclouleurs 1981) . Since the single component Sérsic fit by GALFIT in the present study does not take account of the inclination, the surface brightness profile of inclined spheroidal or disk galaxies may not be presented by the profile. To derive the exact light profile for inclined galaxies, we need to calculate the integrated light profile combined with the opacity for each wave- The size-stellar mass relations are plotted in Figs. 7 for QGs and SFGs, respectively. S03 obtained the relations for ETGs and late-type galaxies (LTGs) in the local universe, which is often compared with those at high-z. In addition, we plot the relations for the central galaxies (CENs) of galaxy groups and clusters in the SDSS by G09, though most of the galaxies in the present study are in field environment. G09 reanalyzed the SDSS galaxies with GALFIT and derived the relation of the stellar mass with r e , whereas S03 was based on a non-parametric radius. As noted in Section 6, the non-parametric radius is systematically different from parametric r e . The stellar masses for SDSS data are converted to those which would be obtained with BC03 models (Bruzual & Charlot 2003) and Salpeter IMF using the relations in Cimatti et al. (2008) .
It is clear in Figs. 7 that the sizes of QGs and massive SFGs at higher redshift are smaller than those of the galaxies in the local universe at a given mass. There are also some massive compact galaxies whose sizes are a factor of ∼ 5 smaller than those of typical local ETGs. The sizes of the compact galaxies are comparable to those found by the previous studies. To see the evolution of the size-stellar mass relation, we then obtain the least square fit with a following linear regression,
where M c is the characteristic mass for the massive galaxies, here set to 10 10.5 M ⊙ . The best fit slope, a M , and offset, b M , are shown in Fig. 8 for QGs and SFGs. a M for the SFGs remains unchanged over the redshifts. For QGs at higher redshift (z ≥ 2.0), a M is slightly higher value with the large error because the number of the sample is very small and incomplete. The slope is consistent within the error with those of previous studies (e.g., Williams et al. 2010; Cimatti et al. 2012 ). We show the size evolution of the present sample as a function of redshift in Fig. 9 . In Table 3 , we summarize the median size, r e , and the median absolute deviation (MAD) for each redshift bin. To see the dependence of the evolution on the stellar mass, we divide the sample into the massive and less massive groups as above. We plot the local sample of early-type (n > 2.5) and latetype (n ≤ 2.5) CENs and their median sizes to compare with our results; the stellar masses for CENs sample are converted into those of Salpeter IMF as done in the previous section. As shown in the figure, the median size for the massive QGs is smaller than that of the local galaxies, which evolves to the size of local galaxies over the redshifts. (The larger median size of the sample at the highest redshift bin of 2.5 < z ≤ 3.0 is less reliable due to the small sample number.)
Evolution of Galaxy Size with Redshift
We derived the regressions for the sizes of galaxies with r e ∝ (1 + z)
−αr e , and obtained α re = 1.06 ± 0.19 for massive QGs at 0.5 ≤ z ≤ 2.5 (increase by a factor of ∼ 2.5 in size over the redshift) and α re = 0.56 ± 0.09 (∼ 1.7) for massive SFGs at 0.5 ≤ z ≤ 3.0. For less massive QGs, the sizes seem to be unchanged over the redshifts, though they are not statistically robust due to the small sample number and difference in the range of redshift. It is noted that the local SDSS galaxies are not included in the regression. The best fit values with their errors are summarized in Table 4 .
Ic12 showed the weak size evolution in half-light radius (r 50 ) for the present sample based on the ground-based images in K s -band. The result of the weak size evolution of Ic12 (a factor 1.3 from z ∼ 2.5 to z ∼ 0.3) contradicts with the significant size evolution of the present study and many other previous ones which presented the size evolutions by a factor of ∼ 2-5 for the similar redshift ranges. We investigate the inconsistency of the present results with Ic12 in Appendix A, mainly focusing on the two different method of size measurement of r e and r 50 .
Although Newman et al. (2010) obtained a relatively weaker evolution (α re ∼ 0.75±0.10) for massive (M den > 10 11 M ⊙ ) field spheroid over 0 < z < 1.6, most of other previous study based on GALFIT have presented the significant evolution for QGs α re ∼ 1.09 ± 0.07 for M * ≥ 4 × 10 10 M ⊙ QGs at 0.5 ≤ z ≤ 3.5; Cimatti et al. 2012 α re ∼ 1.24 ± 0.15 for ETGs at 0 < z < 3.0). Although Damjanov et al. (2011) obtained the highest value of α re ∼ 1.62 ± 0.34 for M * ≥ 10 10 M ⊙ QGs at 0.2 < z < 2.7, they obtained the regression for the sizes normalized by stellar masses (r e /M * 0.51 ), and their α e should not be compared with ours.
SFGs in the present study weakly evolve their sizes for both mass bins, which is inconsistent with the previous studies (e.g., Williams et al. 2010 α re ∼ 0.77 ± 0.08 and α re ∼ 1.32 ± 0.15 for less massive and massive SFGs, respectively, at z < 2.0; Mosleh et al. 2011 α re ∼ 1.11±0.13 for UV bright galaxies at 0.5 ≤ z ≤ 3.5). However, there are some differences in analysis between the present study and the previous two studies. Firstly, Williams et al. (2010) used imaging data obtained by a groundbased telescope. As discussed in Konishi et al. (2011) , the morphological profiles for smaller galaxies were significantly affected by seeing (FWHM∼ 0 ′′ .5 for their K sband imaging), which made them unable to obtain the reliable Sérsic profile for the galaxies at z > 1. It is also noted that Williams et al. (2010) constrained the output Sérsic index within 1 < n < 4, which could affect the output r e because they are strongly correlated (see Fig. 3a , for example), while we let n down to 0.1 and up to 10, and this may cause the inconsistency in α e of SFGs. It turned out that, however, our results for SFGs hardly changed when we constrained the output Sérsic index within 1 < n < 4. In Mosleh et al. (2011) , they used MODS K s -band image for the size estimation of the U V -bright galaxies at 0.5 ≤ z ≤ 3.5, whereas most of our sample consist of normal SFGs. In addition, their U V -bright galaxies consisted of amorphous and irregular galaxies such as submillemeter and Lyman-break galaxies, which have been excluded in our analysis (see Section 3), and their results could not be directly compared with ours.
Evolution of Surface Density Profiles with Redshift
As we see the size evolution of the galaxies, we here study the evolution of Sérsic index n in 0.5 ≤ z ≤ 3.0. Since n represents the shape of galaxies (n ∼ 1 for disk galaxies, n ∼ 4 for ellipticals), its evolution would give us clues to the formation of local galaxies. In Fig. 10 , we show the distribution of n for each redshift bin. The figure reads the correlations among stellar mass, n, and galaxy types (QG and SFG). On average, SFGs have constant n (∼ 1) over the redshifts, irrespective of their stellar masses, while QGs have larger value, though n for both groups are widely distributed. Interestingly enough, we see different evolution of n of the massive and less massive QGs; significant evolution of n of the massive QGs and no evolution of the less massive. To confirm the trend, we derive the regression for n in Fig. 11 with n ∝ (1 + z) −αn for both groups. In the figure, we see that median n for SFGs seems unchanged (α n ∼ 0.04-0.1) over z ∼ 0.5-2.5, while that of n of massive QGs significantly increases as redshift decreases (α n ∼ 0.74), except for the highest redshift bin with the significant error. The studies for n were also done by (α n = 0.95 ± 0.015) and Patel et al. (2013) (α n = 0.9 ± 0.1). However, both of the studies selected the sample irrespective of the populations (QGs and SFGs) of galaxies. In addition, the sample were selected based on a constant cumulative number density, in which the stellar mass of galaxies increases as redshift decreases. Therefore, the direct comparison with those studies would be difficult. The different evolution of n depending on the galaxy types and stellar masses should be stressed, especially in the view of the evolution scenario, which is discussed in the following section. The best fit α n with their errors are summarized in Table 4. 6. DISCUSSION We have obtained the size and shape of the massive galaxies, using MODS and HST /WFC3 CANDELS data in the GOODS-N region. Thanks to the high image quality and depth, we were allowed to analyze as faint objects as with H AUTO ≤ 25, which reaches less massive (∼ 10 10 M ⊙ ) SFGs at z ∼ 2.5 (QGs at z ∼ 1.5) and massive (≥ 10 10.5 M ⊙ ) SFGs at z ∼ 3.0 (QGs at z ∼ 2.5). With a careful test of GALFIT analysis, applying magnitude criteria to AGs, we obtained unbiased morphological results for the samples. The tests for different PSFs and color effect also improved the reliability.
First, we discuss the evolution of r e . As shown in Fig. 6 and Fig. 8 , we found a number of compact QGs (r e ∼ 1 kpc or less) at 1.5 < z ≤ 2.5, which is consistent with the previous studies (van Szomoru et al. 2012) . The size for massive QGs from z ∼ 2.5 to ∼ 0.5 is represented as r e ∝ (1 + z)
−αr e with α re ∼ 1.06 (or a factor of ∼ 2.5 increase from z ∼ 2.5 to ∼ 0.5 at a given stellar mass), which is consistent with the previous results of α re ∼ 0.7-1.5 (a factor of ∼ 1.8-3.6 size increase). It is noted that SFGs have weaker size evolution (α re ∼ 0.5), irrespective of their stellar mass bins, which is inconsistent with previous studies (e.g., Mosleh et al. 2011) . However, the sample definition of SFGs in the studies are different (U V -bright galaxies in Mosleh et al.) , and their results could not be compared with the present results. The scenario of the size evolution for QGs is in dispute for a decade both in theoretical (e.g., Fan et al. 2008; Hopkins et al. 2009; Naab et al. 2009; Oser et al. 2012 ) and observational studies (Newman et al. 2010; van Dokkum et al. 2010 ). According to Eq. 4 in Naab et al. (2009) , it takes ∼ 4 (∼ 2) minor merger events with 1:10 (3:10) mass ratio to explain the size evolution of the massive QGs (see also Bezanson et al. 2009 ). In a merger scenario, however, about 10% of the massive galaxies at z ∼ 2 are expected to have survived without equal-mass merging (Hopkins et al. 2009 ), which leaves the superdense QGs morphologically unchanged to the local universe. In the SDSS and other surveys for the local galaxies, however, there is not enough number of such a superdense relic (S03; Taylor et al. 2010; Mármol-Queraltó et al. 2012 ). These facts suggest that the observed size evolution is hard to be explained only by the merger scenario (see also van der Wel et al. 2009; Barro et al. 2013a) .
Secondly, we discuss the shapes of the galaxies by using n. As the shape of galaxy is believed to exhibit the evolution trace, irrespective of the galaxy masses, we discuss the evolution of n. In Fig. 10 , we see that the typical n of QGs is larger than that of SFGs. There is also difference between the evolution of n of massive and less massive QGs, though the latter are limited to z ≤ 1.5 due to the completeness limit. We found that n of massive QGs significantly evolved with α n ∼ 0.74 of n ∝ (1+z) −αn , while those of less massive QGs and SFGs were unchanged on average (α n ∼ 0.17 and ∼ 0, respectively). The findings of the evolution in n would give us a clue to understanding the morphological evolution of high-z galaxies. One of the most favorable scenarios is the insideout mass growth, where the mass accretion in the outer parts of compact galaxies increase r e and n toward low-z (van . In van Dokkum et al., they showed the evolution of n (n ∼ 4 to ∼ 2 from z ∼ 2 to ∼ 0.5), as well as the size evolution (r e ∼ 3 kpc to 8 kpc over the same redshift range). In addition to the observational results, numerical simulation by Naab et al. (2009) explained the evolution of n by minor merging of satellite galaxies. As done in Chevance et al. (2012) , the investigation for the distribution and evolution in of b/a over the redshift range may help our understandings for the low-n QGs, which could be the progenitor of local bulges (see also Trujillo, Carrasco & Ferré-Mateu 2012) , though the small sample in the present study would not give the robust conclusion.
Based on the results of r e and n in the present study, 
0.5 ≤ z ≤ 0.75 ≥ 10 10.5 36 1.97 ± 0.54 3.78 ± 0.85 33 3.31 ± 1.48 1.34 ± 0.68 < 10 10.5 13 1.12 ± 0.52 2.14 ± 0.86 52 2.58 ± 0.62 1.19 ± 0.26 0.75 < z ≤ 1.0 ≥ 10 10.5 61 2.27 ± 1.16 3.04 ± 1.07 80 2.91 ± 0.84 1.44 ± 0.43 < 10 10.5 34 1.56 ± 0.34 1.95 ± 1.15 85 2.27 ± 0.82 1.14 ± 0.57 1.0 < z ≤ 1.25 ≥ 10 10.5 48 1.68 ± 0.60 2.33 ± 0.90 48 3.00 ± 0.88 1.48 ± 0.45 < 10 10.5 15 1.12 ± 0.30 1.67 ± 0.48 63 2.43 ± 0.62 1.11 ± 0.53 1.25 < z ≤ 1.5 ≥ 10 10.5 20 1.52 ± 0.48 1.88 ± 0.80 34 3.09 ± 0.75 1.00 ± 0.30 < 10 10.5 10 1.29 ± 0.31 2.12 ± 1.06 49 2.38 ± 0.68 0.87 ± 0.44 1.5 < z ≤ 2.0 ≥ 10 10.5 27 1.21 ± 0.39 1.46 ± 1.12 52 2.73 ± 0.52 1.19 ± 0.42 < 10 10. < 10 10.5 M ⊙ , bottom) QGs (red circles) and SFGs (blue triangles). The median sizes with MADs for QGs (red filled diamonds with dotted bars) and SFGs (blue filled squares with solid bars) are also shown. The local galaxies of CEN samples are also plotted (black dots) with the median sizes for early-type (n > 2.5, black filled pentagons) and late-type (n ≤ 2.5, black open pentagons) galaxies. The thick solid lines and break lines represent the regression for QGs and SFGs, respectively. It is noted that the samples in the incomplete redshift bins are not included in the regression. The median sizes and best fit coefficients are summarized in Table 3 and 4, respectively. we then discuss the formation and evolution of massive QGs, taking account of the evolution of less massive QGs and SFGs as well. First, focusing on n, less massive SFGs at the whole redshift range (0.5 ≤ z ≤ 2.5) are thought to be the progenitor of the less massive QGs after exhausting their gas and passively evolve with little change in size and shape. In the context, the progenitors of comparatively less massive QGs at high-z could be small or amorphous SFGs located at higher redshift (z 3.0) (Kajisawa & Yamada 2001) , most of which are not included in the present study due to our detection limit. While the sizes of QGs are smaller than those of SFGs at the whole redshift, it is believed that there are shrinkage of extended SFGs when they transform into QGs (Barro et al. 2013b) . The shrinkage of SFGs is also investigated by Dekel et al. (2013) , in which migration of star-forming clumps forms the blue compact galaxies (or blue nuggets), then quench into red nuggets (see also Noguchi 1999) . We need more detailed investigation whether the compact galaxies keep n lower after the migration of star-forming clumps, while Williams et al. (2014) showed that blue nuggets had n ∼ 2-3 and red nuggets n ∼ 3-4. Whitaker et al. (2012) found very little difference in the sizes of young and old quenched galaxies.
After the birth of low-n red QGs, in the later epoch (z < 1.5) major or minor mergers of those dry (gas-poor) QGs dominates the evolution of massive QGs, enlarging their size rapidly over the cosmic time (Gao et al. 2004) . The dry merger is also consistent with the evolution of n because it is efficiently change the light profile of galaxy (Barnes 1992; Hernquist 1992; Naab et al. 2009 ), while wet (gas-rich) merger would reproduce disk-like galaxies (Steinmetz & Navarro 2002; Springel & Hernquist 2005; Robertson et al. 2006; Cox et al. 2006) . On the other hand, we found no significant evolution in r e and n of less massive QGs. To explain this, we might need to consider the environmental effect on their formation (or halo mass size; Dekel et al. 2013 ). However, we avoid discussing this because of the small sample and limited redshift range of the less massive QGs in the present study.
It should be noted that the argument above (see also Carollo et al. 2013 ) is complicated by the fact that samples of massive galaxies, not separated into starforming and quiescent, have been demonstrated to grow smoothly with time (e.g., van Dokkum et al. 2010; Patel et al. 2013) . To corroborate the evolution scenario avobe, the discussion based on comoving number density for each group of galaxies would be helpful. Patel et al. (2013) studied the structural evolution of massive galaxies by linking progenitors and descendants at a con- stant cumulative number density. However, small number of samples in the present study would not be enough for the robust discussion in statistical sense. The field variance in a small field would also hamper the reliable conclusion. In addition, the present study investigated the evolution of r e at given two mass bins while those previous studies investigated the evolution taking account of the stellar mass evolution (differential size evolution) by using the constant number density method or massnormalized size. The mass-normalized size is useful not only to see the differential size evolution, but also to compensate the weak completeness, which could give rise to the biased (or spurious) size evolution. In Fig. 12 we show the mass-normalized size evolution for QGs and SFGs. r e,norm is derived as r e,norm = r e /(M cor * /M c ) αM , where α M is the linear slope of the size-stellar mass relation for each redshift bin (see Section 5.1). It is noted that the relations are derived only using the sample within the completeness limits. Then, we see the size evolution with r e ∝ (1+z)
−αr e finding that α re = 1.07±0.15 for QGs and α re = 0.59 ± 0.05 for SFGs, which is consistent with the results of massive QGs and SFGs at fixed mass bins. The results ensure our results of the size evolution over the redshift ranges, while we need more sample to investigate the weak evolution of r e (and n) of less massive QGs.
Finally, we should refer to the scatters in size at whole redshift range comparable to that of the local populations (Fig. 9 ). This suggests that there had already been massive QGs at z ∼ 1.5-3, whose morphological properties were similar to that of the local ones. This is encouraged by the fact that the velocity dispersion of QGs at z ∼ 1.6 were found to be comparable to those of the local galaxies (Onodera et al. 2012) . It should be noted, however, that a single Sérsic profile may not be appropriate to fit galaxies at high-z, even if they seem to be well-virialized. Bruce et al. (2012) applied GALFIT with two components (bulge, disk) massive galaxies (M * > 10 11 M ⊙ ) at 1 < z < 3 and found many bulge+disk systems. In the local universe, Huang et al. (2013) found the elliptical galaxies were well fitted by three components. However, multi-component fitting for our sample is too complicated because we of the small apparent size of, in particular, galaxies with M * ∼ 10 10 M ⊙ at z > 1, making it hard to find the "best-fit" results, while we adopted a single component Sérsic fit in the present study. To discuss the origin of the scatters in size, we need further investigation with, for example, mass-normalized size, which is beyond the present study.
We would like to thank the referee for his/her helpful and constructive comments, which served to greatly improve the paper. We would like to give special thanks to Chien Y. Peng for his useful advise about the morphological fitting with GALFIT. We thank Pierre Marchand for his advise about GALFIT pipeline program codes, Taira Oogi and Kohei Hayashi for useful discussion, Arjen van der Wel for his advice about drizzled PSFs, and Jennifer Mack and Andy Fruchter for their advise about drizzle tasks. This work has been supported in part by a Grant-in-Aid for Scientific Research (24253003) of the Ministry of Education, Culture, Sports, Science and Technology in Japan. This work is based on observations taken by the CANDELS Multi-Cycle Treasury Program with the NASA/ESA HST, which is operated by the Association of Universities for Research in Astronomy, Inc., under NASA contract NAS5-26555. MODS catalog has been accomplished by MOIRCS builders. We owe the present study to their dedicated efforts.
Facilities: HST (STIS), Subaru/MOIRCS (N AOJ).
APPENDIX

A. DIFFERENCE BETWEEN R E AND R 50
In this section, we refer to the discrepant results based on non-parametric half-light radius. Ic12 obtained nonparametric r 50,K by SExtractor with the ground-based K s -band images to study the mass-size relation and claimed much weaker size evolution for massive galaxies in the present region, irrelevant to galaxy populations. Since their results would be concerned for seeing effect (∼ 0 ′′ .5), we obtained again the half-light radius (r 50,H ) on WFC3 H 160 image with smaller PSF. The PSF effect is corrected for with,
where r 50,H,original is SExtractor's original output and r PSF is the PSF radius, here set to 2.55 pixels for the H 160 image following the same process as in Ic12. In We further investigate the discrepancy between r 50 and r e using the AGs in Section 3.3, of which results are shown in Fig. A1b . We here prepare three types of AGs; without convolution and sky background noise, with convolution and without sky background noise, and, with convolution and sky background noise. r 50 of convolved AGs is corrected with Eq. A1. The bottom panels in Fig. A1b show the comparison of observed effective radius, r e,observed , where we find no strong dependence of r e,observed /r e on the other parameters. These tests suggest that the biased results come from not only PSF convolution but also from the other morphological parameters.
To confirm the consistency in r 50 of the present study and Ic12, we compare r 50,H , which is corrected with Eq. A1, and r 50,K of Ic12 in Fig. A2 . We see no significant difference between them, irrespective of the PSF difference, except for the galaxies with large apparent radius which GALFIT failed to fit because of large chance to be contaminated by neighbors. Figure A2 also includes the GALFIT-failed samples.
In Fig. A3 , we show the size-stellar mass relation in r 50,H . Since r 50,H was measured based on H AUTO , we use M * as the stellar mass rather than M cor * . In the figures, we see no significant difference among samples, which would deny the bias against compact galaxies, although r 50 would not represent r e of GALFIT. At a given mass, the size evolution is as mild as shown in Ic12 with K s -band image. The size evolution with r e ∝ (1 + z)
−αr e for massive QGs r 50,H is α re = 0.64 ± 0.19, while that of the samples not including GALFIT-failed galaxies is α re = 1.01 ± 0.19. Visual inspection of GALFIT-failed galaxies in H 160 often shows neighbors or clumps, while those in ground-based K s -images are considered as a single object. The weak size-mass relations with non-parametric radius could be originated from those galaxies with neighbors or substructures. However, it is noted, again, that we should take into account of the difference of size definitions between r e and r 50 . SExtractor defines r 50 as an observed half-light radius of circular aperture, while GALFIT calculates r e by assuming model galaxies with infinite size. Calloro et al. (2013) stressed the possible biases in both r e and r 50 of galaxies due to, e.g., seeing effects and faint surface brightness. As discussed above, the sizes of r 50 are found to be consistent between grand-based K s and WFC3 H 160 irrespective of the large PSF difference. In the present study, the galaxies were chosen so as to have no bias in r e . Therefore, we also found no -Comparison of re and r 50 for three types of artificial galaxy, where r 50 is half-light radius obtained by SExtractor. re used here is input value of the artificial galaxies. The symbols represent AGs with n < 2.5 (open circles) and n ≥ 2.5 (filled triangles). T op panels: Results for artificial galaxies without convolution and background sky noise. Three horizontal panels show the comparison of re and r 50 as a function of re, b/a and n. Second panels: Results for artificial galaxies with convolution and without background sky noise. T hird panels: Results for artificial galaxies with convolution and background sky noise. r 50 for the convolved galaxies are corrected using Eq. A1 in the main text. Bottom panels: Results of observed effective radius, r e,observed , instead of r 50 , for the same galaxies as in third panels. bias on the surface brightness. r 50 of galaxies with larger n would be prone to be observed smaller than the real size (e.g., Ichikawa et al. 2010; Ic12; Calloro et al. 2013 ). If we correct the possible bias in r 50 to make them larger, the size-mass relation for r 50 would lead to less size evolution, which is more contradict to the significant size evolution in r e . We see the evolution of both n and r e for QGs, though r e could be biased if there is bias in n. It should be noted that H AUTO and H GALFIT are consistent. Probing the origin of the discrepancy would be beyond the present scope. 
